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Abstract
Seabirds breed on off-shore islands or cliffs often in large aggregations during their 26 month breeding seasons. During this period, seabirds perform an important role in
the allochthonous transport of marine nutrients into these terrestrial environments.
Depending on the size and density of these aggregations, the impact could be alteration
of soil chemistry, vegetation or invertebrate diversity and distribution patterns,
primarily through the deposition of large quantities of guano. We studied the impact
of breeding aggregations of the Socotra Cormorants (Phalacrocorax nigrogularis) on
Siniya Island, Umm Al Quwain, United Arab Emirates, typically ranging between
26,000 to 41,000 breeding pairs. We set up artificial substrate traps along grids in eight
areas. These areas were chosen based on whether nesting had occurred in 2016 (nesting
areas) or not (non-nesting areas). Traps were deployed in the environment and then
removed, specimens preserved and invertebrates identified later. Generally, species
richness and diversity is affected negatively in areas that were nested, indicating that
some species or taxonomic groups were negatively affected. Coleoptera, Hymenoptera
and Isopoda decreased in abundance in areas used for nesting, indicating that selected
species within these taxa could not tolerate high levels of nutrient input from guano.
The number of ticks (Ornithodoros muesebecki, Acari), a species that is known to
parasitize seabirds in the Arabian Gulf, increased overall, particularly in areas that
were not used for nesting. Deposition of guano is known to strongly influence
vegetation and associated invertebrate communities, often having long-term
consequences on island biota. This study shows that insect and other invertebrate
communities are impacted by Socotra Cormorant presence during the breeding season,
thereby helping to shape the terrestrial communities over the long term. Further work
is needed to better understand these interactions and determine how long-term changes
could occur in such arid ecosystems.

Keywords: Socotra Cormorant, Phalacrocorax nigrogularis, Terrestrial invertebrates,
nesting, community structure.
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)Title and Abstract (in Arabic

آثار أنشطة التعشيش للغاق السوقطري على التنوع الالفقاري األرضي ووفرته
الملخص

تتكاثر الطيور البحرية في الجزر أو المنحدرات الشاطئية في تجمعات كبيرة غالبًا خالل
دورا
مواسم تكاثرها التي تتراوح من  2إلى  6أشهر .خالل هذه الفترة ،تؤدي الطيور البحرية ً
مه ًما في نقل المغذيات البحرية المتراصة إلى هذه البيئات األرضية .اعتمادًا على حجم وكثافة هذه
المجموعات ،قد يكون التأثير هو تغيير كيمياء التربة أو الغطاء النباتي أو تنوع الالفقاريات وأنماط
التوزيع ،وذلك بشكل أساسي من خالل ترسيب كميات كبيرة من ذرق الطائر .درسنا تأثير تجمعات
سالالت الغاق (  )Phalacrocorax nigrogularisعلى جزيرة السنية ،أم القيوين ،اإلمارات
العربية المتحدة ،والتي تتراوح عادة بين  26000إلى  41000زوج تكاثر .أنشأنا مصائد الركيزة
االصطناعية على طول الشبكات في ثمانية مجاالت .تم اختيار هذه المناطق استنادًا إلى ما إذا كان
التعشيش قد حدث في عام ( 2016مناطق التعشيش) أم ال (مناطق غير التعشيش) .تم نشر الفخاخ
في البيئة ثم إزالتها والعينات المحفوظة والالفقاريات التي تم تحديدها الحقًا .بشكل عام ،يتأثر ثراء
األنواع وتنوعها سلبًا في المناطق التي تم تداخلها ،مما يشير إلى أن بعض األنواع أو المجموعات
التصنيفية تأثرت سلبًا .انخفض (Hymenopteraو  ) Isopodaبكثرة في المناطق المستخدمة
في التعشيش  ،مما يشير إلى أن األنواع المختارة ضمن هذه األصناف ال يمكنها تحمل مستويات
عالية من مدخالت المغذيات من ذرق الطائر .زاد عدد القراد (،Ornithodoros muesebecki
) ،Acariوهو نوع معروف بتطفل الطيور البحرية في الخليج العربي  ،بشكل عام  ،ال سيما في
المناطق التي لم تستخدم في التعشيش .من المعروف أن ترسب ذرق الطائر يؤثر بشدة على الغطاء
النباتي ومجتمعات الالفقاريات المرتبطة به ،وغالبًا ما يكون له عواقب طويلة المدى على الكائنات
الحية في الجزيرة .توضح هذه الدراسة أن الحشرات وغيرها من مجتمعات الالفقاريات تتأثر
بحضور  Socotra Cormorantخالل موسم التكاثر ،مما يساعد على تشكيل المجتمعات
األرضية على المدى الطويل .هناك حاجة إلى مزيد من العمل لفهم هذه التفاعالت بشكل أفضل
وتحديد كيفية حدوث تغييرات طويلة األجل في مثل هذه النظم البيئية القاحلة.
مفاهيم البحث الرئيسية :الغاق السوقطري  ،الالفقاريات البرية  ،التعشيش  ،هيكلة المجتمعات.
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Chapter 1: Introduction
1.1 Overview
1.2 Statement of the Problem
Seabirds, especially cormorants, have important effects on the vegetation, soil
and consumers of islands, both as vectors transporting marine nutrients to terrestrial
systems and as physical engineers of their ecosystems as well as through their effects
on consumer populations such as invertebrates (Mulder, 2011). In the UAE, and
especially on Siniya Island, Umm Al Quwain, studies have shown that Socotra
cormorants (Phalacrocorax nigrogularis) on this island represent possibly the largest
breeding colony of any one species in the Arabian Gulf with between 26,000-41,000
breeding pairs during the breeding season lasting from August till January (Muzaffar
et al., 2017). Socotra cormorants (Phalacrocoracidae) are seabirds that are distributed
exclusively in the Arabian Gulf, the Arabian Sea coast of Oman, and in the Gulf of
Aden off Yemen (Anderson and Polis, 1999). However, the impact of these birds have
been understudied and better understanding of how cormorants interact with their
breeding habitat will help in planning for the conservation of the species and the
surrounding habitats.
1.3 Relevant Literature
Birds occupy all the world's oceans (Smith et al., 2011). They range in size
from very large, such as the emperor penguin (Aptenodytes forsteri), which weigh
about 54 kg to very small birds, such as the least storm petrel (Oceanodroma
microsoma), which weigh 20 g. Birds that spend most of their life at sea are commonly
called seabirds but there is a great debate among biologists about what taxonomic
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groups to include and exclude. One of the important species of seabirds are
cormorants, of which there are approximately 40 known species in the world (Kennedy
and Spencer, 2014). A study on the classification of these predators of small fish in
both marine and freshwater environments was conducted to determine the genetic
relationship within the species given that previous classification using morphological
characteristics obscured results (Kennedy and Spencer, 2014). Tissue, blood or
feathers were obtained from a number of sources, including a sample of Socotra
Cormorant taken from Abu Dhabi, and then total genomic DNA was extracted from
each of the samples using a phenol/chloroform extraction. The study concluded that
the genetic dataset obtained allowed for inference of an evolutionarily justifiable
generic classification for all but one of the world’s cormorants (Kennedy and Spencer,
2014). This novel classification, comprising seven genera, is well supported and the
only remaining species that was excluded was the Indian Cormorant (Phalacrocorax
fuscicollis), which is hypothesized to fall within the Old-World Cormorants (Kennedy
and Spencer, 2014). The Socotra cormorant is a large, blackish cormorant with bronzegreen sheen on the back and wings and about 80 cm high (Aspinall, 1996). The species
is exclusively marine and occurs within the range of productive upwelling (Nelson
2005, Jennings 2010). It breeds on offshore islands and islets that have shores of level
sand or gravel (Jennings, 2010; Muzaffar et al., 2012, 2017).
Many species of cormorants face a lot of threats that cause declines in their
numbers globally, including habitat degradation, conflict with fishermen, predation by
introduced predators and climate change (Richard et al., 2012). Cormorants frequently
come into conflict with fishermen worldwide because they are suspected of targeting
fish species of commercial value (Taylor and Dorr, 2003). Fishers often regard
cormorants as an unwanted species, but the degree of direct competition and overlap
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in size-specific selectivity between fishers and cormorants is unknown. A study that
was published in 2013 on cormorant catch concerns for fishers estimated the sizeselectivity of piscivorous birds. This study specifically focusing on Great Cormorants
and legal-sized commercial fishing of Perch (Perca fluviatilis) (Troynikov, 2013). The
study showed that there is limited direct interaction between Great Cormorant
predation and commercial fishing in the study area. Only a small proportion (<2%) of
the perch (Perca fluviatilis) of the area were selected by commercial-sized gill nets of
a size that are regularly consumed by cormorants (Troynikov, 2013). Although one
can argue that extensive consumption of juvenile perch by cormorants might be
expected to affect recruitment to the fishery and therefore catches, perceived versus
actual effects of cormorant populations on fishable stocks can cause unnecessary
concern for commercial fishers. While the potential cormorant impact upon fisheries
has been discussed, it is important to understand the wide range of ecological processes
are critical for the future management of fisheries. Other studies and conclusions were
adopted based on the contents extracted from the bird guts and used in an equation
called the “Catch equation” which calculates the metrics that correlates between the
decrease in catches for the fisheries as opposed to the consumption of the fish by the
cormorants. Cormorants in some parts of the world are considered indicators for the
health of the sea and the fish stocks. For example, changes in a forage fish community
indicated by the diet of the Brandt's cormorant (Phalacrocorax penicillatus), in the
central California current, underscored the value of using seabird data from multiple
colonies to better understand changes occurring in the marine environment
(Klimaszyk, 2011). Furthermore, studies on the diet may show that fishermen’s
perceptions of conflict with cormorants could be incorrect. Socotra Cormorants, for
example, in the Arabian Gulf are much maligned for their reputation for feeding on
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commercial fish species. Muzaffar et al. (2015) showed that cormorants feed primarily
on species of fish that are not targeted in the commercial fisheries in United Arab
Emirates (UAE). Thus, it is critical to note any environmental impact on cormorants
and their food source as this will have further repercussions to the ecosystems of which
they are a part.
Around the world, islands with nesting seabirds vary and are characterized
based on their geology, climate and species ranges, as they are extremely different to
islands without seabirds because of what occurs above and below the ground on those
islands (Smith et al., 2011). The density of the nests of these birds is a powerful
predictor of the impact of seabirds on island plants and soil. In some locations, the
growing populations of cormorants causes concerns especially when they are
concentrated in specific areas. Cormorants are a very important intermediate link in
particular food chains and a factor that increases the chance of disturbance of matter
between aquatic and terrestrial ecosystems. During the breeding season, cormorants
feeding in the marine environment transport a large amount of biomass and chemical
substances to land. These nutrients could affect both the surface of the ground and
percolate into deeper layers of the soil. Cormorants carry many bacteria (some of
which could be pathogenic) that might cause harm to humans such as Escherichia coli
for example, a study that was carried out in Europe because of the rising concerns of
their growing populations has tried to explain the effect of the microbial contamination
of soils and waters by seabirds depending on the season and duration of their stay in a
given water reservoir. A separate study focused on assessing the colony of black
cormorants (Phalacrocorax carbo) as the possible source of chemical and microbial
contamination in Chrzypsko Lake - Poland (Klimaszyk, 2012). It showed that between
January 2009 and December 2010, 155-175 breeding pairs caused an increase in the
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concentration of nitrogen and phosphorus in the ground water within the boundaries
of the colony. Groundwater under the colony contained substantially higher amounts
of dissolved mineral salts and electrolytic conductivity was almost 100 times higher
than at the control site (Klimaszyk, 2012). The study also showed that very high levels
of phosphorus were present in the groundwater (90 times higher concentrations of total
P and over 100 times higher concentrations of orthophosphates) (Klimaszyk, 2012).
Nitrogen and phosphorus (N, P) migrate to the lake together with groundwater which
has a direct negative impact on the bacteria level in the air and in the water. Mean
values were analyzed in parameters formed a slope from the highest values recorded
near the colony to the lowest. Thus, cormorants evidently have a significant impact on
the contamination of the colony’s groundwater and lake waters with coliform bacteria,
including E. coli (Klimaszyk, 2012). The reason for this increase was clearly the high
density of nesting birds and the deposit of their excrements in a small part of the lake.
The impact of cormorants on water reservoirs is expected to be increased in Europe
because of the fact that the number of cormorants is increasing. Therefore, it is
expected that in the long term, these growing number of colonies may affect the
chemical and microbial contamination of aquatic ecosystems However, further
observations and study is needed in order to monitor the large clusters effect of the
species in microbial contamination of the environment. The results of this study show
that the highest number of coliform bacteria and E. coli was observed in the
groundwater under the colony (Klimaszyk, 2012). Other studies indicate that the
cormorant colonies not only affect the ecological system by the spread of bacteria such
as E. coli and pollute the ground water, they also affect soil chemistry and vegetation,
which change drastically due to the extreme nutrient enrichment coming from the large
concentration of the bird species in a specific area. Due to the large deposits of
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nutrients, the increase of coliform raises concerns on their effect and their presence in
the environment. Some studies on the nutrients deposited by the birds within the area
they populated showed the impact of cormorants on vegetation, soil and the microbe
pollution of water bodies. Due to the excrements of the birds most studies have shown
that the soils beneath the colonies were found to contain extremely high concentrations
of nitrogen and phosphorus (Klimaszyk, 2015). However, it must be noted that remote
islands hosting breeding seabirds, including cormorants, typically have elevated levels
of nutrients and this determines the long-term community structure of vegetation and
other biota on these islands (Mulder, 2011).
The composition of vegetation on seabird islands could be affected by the
seabirds themselves, sometimes resulting in abandonment of the colony after years or
decades of use by the seabirds (Mulder, 2011). For example, one study on Great
Cormorants breeding on an island in Lake Strzyżminskie, Poland showed that the
defecation by cormorants resulted in the destruction in vegetation such as forests and
small shrubs, especially beneath the colony (Klimaszyk, 2012). Within two decades,
cormorants abandoned this colony and moved to another area. By leaving their
surroundings, studies showed that the soils were still high in nutrients and the
regeneration of vegetation occurred. Despite the passage of several years since the
abandonment of a cormorant colony, the concentration of nutrients in the soil remained
high. Groundwater beneath the colony was also strongly enriched with nutrients.
Although the absence of birds prevailed in some parts, the area of the former colony
continued to supply nitrogen and phosphorus into the neighboring lake. Vegetation in
the area of the previous seabird colony is limited to a few species (Klimaszyk, 2012).
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The effects of cormorants may be variable on both terrestrial and aquatic
ecosystems. Cormorants may enrich the soil and improve the vegetation; alternately,
the seabirds enrich the soil to such an extent that some vegetation is lost, hence
affecting the quality of the habitat (Smith et al., 2011). A study on the Socotra
Cormorants in the UAE discussed the transport of a large amount of nutrients from the
terrestrial ecosystem to an aquatic one by breeding and other activities. It was observed
that in many parts of the island, the soil variables (Ca, Na, Cd and Cr) were much
higher than normal levels in soil, indicating high transport of marine nutrients to
nesting sites, which could detrimentally affect surrounding vegetation (Ksiksi et al.,
2015). It is assumed that Socotra Cormorants alter the fauna associated with
vegetation, thereby affecting the entire food webs in the entire island habitat.
A study in Europe on the impact of great cormorants in West Lithuania showed
that they had a direct impact on yellow-necked mice (Apodemus flavicollis) (Linas,
2014). Most zones used by cormorants had a negative impact on the yellow-necked
mouse. Although the male usually weighs more than a female, the male mouse
weighed similarly to a female mouse in zones concentrated with the great cormorants.
Thus, small mammal populations within the active great cormorant colony are
negatively affected in terms of the nitrogen, which is deemed as a threat for the survival
of small mammals (Linas, 2014). However, not much has been demonstrated in terms
of the impact of increased nitrogen on larger carnivores or herbivores (Linas, 2014).
Great cormorants in the Baltic Sea can have both a positive and negative effect
on lower trophic levels including nutrient depreciation from colonies leading to an
increase in algal growth (bottom-up effects), a decrease in fish population due to the
birds’ nourishment (top-down effects). This depreciation can lead to a potential trophic
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cascade and higher grazing pressure on the algae due to higher herbivore abundance
(Karine et al., 2016). In this system, both bottom-up and top-down processes work
together to affect the algal communities. Foundation species such as the brown alga,
Fucus vesiculosus, had a low number around colony sites (Karine et al., 2016).
Evidence was also found which spoke about the increase of vegetation around colony
sites, which may have contributed to low survival and low reproductive rates of some
birds (although pattern was not consistent). This study suggests that the lower
recruitment is mostly caused by the nutrient enrichment (which leads to increased
competition from algae) decreasing in turn the number of Fucus around colonies. The
study also indicated the higher recruitment of several algal species around colonies in
herbivore exclusion cages, showing that they do benefit from nutrient runoff from
colonies. It was concluded that cormorants on the island can affect lower trophic
levels, more specifically in bottom-up processes leading to a change in community
formation and a decrease in biodiversity (Karine et al., 2016).
What the impact of breeding Socotra cormorants have on arthropod fauna
within the UAE is not known. As mentioned previously, Socotra cormorants can affect
soil nutrient availability, but their relation to plant-insect systems remains unknown
(Ksiksi et al., 2015). Numerous studies around the world have shown that cormorants
can have a rather complex symbiosis with plant-insect systems. Some plants can
preferentially show increases in N and P content while others do not at cormorant
nesting sites (Kolb et al., 2010; Kolb et al., 2015). Such preferential uptake of nutrients
may be due to differences in plant physiology or microsite conditions. As such, this
can have profound effects on higher trophic levels i.e. insect herbivores, with studies
showing both increases and decreases in particular insect species (Kolb et al., 2010;
Kolb et al., 2015). Of the insect herbivores, Lepidoptera and aphids had the highest
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density on active nesting islands, where leaves collected from plant species other than
Lythrum salicaria had extremely high N and P contents (Kolb et al., 2010). On the
other hand, herbivorous Coleoptera had higher densities on abandoned islands, where
P but not N content was increased in the soil (Kolb et al., 2010). However, soil content
of a further study showed greater N and P content at nesting sites, but this was not
correlated with higher leaf nutrient uptake (Kolb et al., 2015). Additionally, the effect
upon Galerucella (Coleoptera) numbers (main herbivores of L. salicaria), was
correlated with both leaf N content and plant height, irrespective of soil nutrient
content (Kolb et al., 2015). However, it has been shown that there are high densities
of predatory groups, such as Hymenoptera, at both active and abandoned cormorant
nesting sites (Kolb et al., 2010). Beetle larvae can also maintain a strict homeostasis
in relation to N, C and P ratios, similarly to observations in other terrestrial insect
systems (Kolb et al., 2013; Kagata and Ohgushi, 2006). Furthermore, authors of the
study have suggested that a reason for the limited effect of fertilization on density
fluctuations may be due to the distribution of L. salicaria on nesting islands which was
restricted to areas of low N and P content, implying high N loads are toxic (Kolb et
al., 2015). Thus, the responses of insect herbivores may be highly dependent on the
strength of both top-down and bottom-up processes, which can vary with fertilization,
resulting in such complex findings (Gratton and Denno, 2003).
Another study conducted in Sweden (2012) investigated the effects of nesting
cormorants on the abundance, species richness, and composition of plants and
arthropods (Kolb et al., 2012). The study showed that cormorant colonies affect not
only the abundance of several invertebrate groups but also the species composition on
the nesting islands. The effects within orders were found to be strongly positive and
negative for specific trophic groups. As noted previously, cormorants can change
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vegetation and soil characteristic and structure of the nesting islands, thereby
increasing the regional habitat heterogeneity. The presence of dead and living
cormorant bodies, reproduction by-products (e.g. egg shells), and food scraps clearly
provide habitats and resources on nesting islands that are different from reference
islands and thus favor other species on islands with nesting cormorants compared to
those without cormorants (Kolb et al., 2012). There was greater abundance and species
richness of predatory, scavenging and fungivorous coleopterans on active cormorant
islands, whereas the abundance of algaevorous and herbivorous coleopterans was
lowest on the same islands (Kolb et al., 2012). For other trophic groups, the effect of
nesting cormorants depended on the nest density, such that herbivorous coleopteran
and cursorial spider abundance and species richness decreased while abundance of
chironomids and seabird parasitic species increased with a higher nest density. In
addition, coleopterans also differed in their species composition between cormorant
and reference islands (Kolb et al., 2012). The scavenging coleopteran familie that were
found most frequently were Nitulidae, Silphidae and aphidopagous Coccinellidae were
found on active cormorant islands. However, Lathridiidae, Corylophidae, and
Curculionidae were found on islands abounded by cormorants; and Elateridae on
cormorant-free islands (Kolb et al., 2012). Similar patterns were identified for the high
brachycerid fly (Diptera) densities on the same cormorant islands (Kolb et al., 2010).
Such changes in various arthropod taxa due to cormorant nesting are likely to increase
biodiversity both locally and regionally.
Indirect effects on arthropods mainly occurred through changes in the
vegetation, either through soil chemistry (expected increase in N and P content) or
decrease in soil moisture (Mulder, 2011). These sites had a few dominant species of
plants that were nitrogen and disturbance-tolerant species, such as Spergula arvensis
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and Rumex crispus (Kolb et al., 2012). Active cormorant nesting sites, which were
characterized by a decrease in vegetation cover and plant species richness had
consequently a negative effect on both algaevorous and herbivorous coleopterans
(Kolb et al., 2012). However, certain arthropods were both positively and negatively
affected, such that the effects negated one another. For example, predatory
coleopterans were positively affected by higher nest density and plant species richness,
but the negative effect of nest density on plant species richness subsequently cancelled
any positive effects, resulting in no net effect by cormorant nesting sites (Kolb et al.,
2012). In fact, studies have shown a positive correlation of plant species richness on
predatory coleopteran and spider species richness, and supported the argument for the
importance of the structural and species diversity of vegetation for arthropod diversity
(Perner et al., 2003; Garcia et al., 2009). Additionally, the need of high plant biomass
and vegetation cover for providing substrate for building web-spiders’ nests were also
referred to in other studies (Kolb et al., 2010). Generally, there appears to be a positive
relationship between plant productivity and primary consumer richness (Waide et al.,
1999; Mittelbach et al., 2001). Vegetation cover has been shown to determine the
groups of epigeal coleoptrans (beetles living or occurring on or near the surface of the
ground) (Frank and Reichhart, 2004; Eyre et al., 2005). However, the Swedish study
of 2012, has shown contrary to expectations, that vegetation cover generally decreased
coleopteran abundance and species richness, except for herbivorous coleopterans,
which increased in abundance and species richness (Figure 1) (Kolb et al., 2012). The
vegetation cover also appeared to have a negative effect on groups such as fungivorous
coleopterans possibly due to plant species composition and soil moisture and structure
(Drenovsky et al., 2004; Nielsen et al., 2010). Unexpectedly, there was an increase in
abundance and species richness of fungivorous coleopterans on cormorant islands
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(Kolb et al., 2012). In contrast previous studies showed a decrease in soil fungal
biomass in the area of nesting seabirds due to high nitrogen loads (Wright et al., 2010).
Certain groups appeared to be both negatively and positively affected (Figure 1),
depending on the use of traps, where in suction sampling Carabidae, Lathridiidae, and
Ptiliidae were better represented by pitfall traps (Kolb et al., 2012). Thus, the sampling
gear used could influence the density or diversity estimates of coleopterans.
Nevertheless, it appears that there is a complex relationship between cormorant nesting
sites, vegetation and the effect it has upon various arthropod taxa, resulting in complex
findings most likely explained by the role of the bottom-up and top-down processes
and species composition, competition for various resources and their corresponding
traits (Figure 1).

A

Herbivorous coleoptera

Abundance
Vegetation
cover

Mean nest
density

Plant biomass

Fungivorous coleoptera

Algaevorous coleoptera

Scavenging coleoptera

Plant species richness

Predatory coleoptera
Araneae

B

Species richness
Herbivorous coleoptera
Vegetation
cover

Fungivorous coleoptera

Algaevorous coleoptera
Mean nest
density

Plant biomass
Scavenging coleoptera

Plant species richness

Predatory coleoptera
Araneae

Figure 1: The effect of Cormorant nest density on vegetation variables and on
Coleopteran and Araneae
Adapted from (Kolb et al., 2012)
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Figure 1A and 1B; indicate mean nest density affect upon abundance and
species richness respectively. Red arrows indicate a negative effect, and green arrows
indicate a positive effect. Blue arrows indicate potentially positive or negative effect,
depending on use of suction sampling or pitfall trap (Kolb et al., 2012). The impact of
cormorant nesting sites on islands clearly affects local species diversity but it is
important to note the potential impact on regional species diversity. While studies have
found that cormorant nesting sites can decrease species richness of plants and certain
arthropod taxa, these nesting sites have also changed species composition culminating
in the habitation of uncommon species in neighboring cormorant-free islands (Kolb et
al., 2012). Therefore, the beta-diversity (the ratio between regional and local species
diversity) is likely increased among the islands in the archipelago. Finally, by altering
plant species composition, vegetation structure, soil chemistry, and resource
availability active and abandoned cormorant islands can increase the habitat
heterogeneity of the archipelago. For example, the large portion of dead wood on
cormorant islands represents an important resource for saproxylic insects; a group with
many endangered species (Kolb et al., 2012). Thus, understanding the role of the
cormorant nesting sites on ecological diversity within a habitat is critical both for local
and regional conservation of various species.
The impacts on invertebrates on islands used for nesting have been studied
minimally, and no clear patterns have yet emerged. Seabirds appear to subsidize
consumers either indirectly through nutrient enrichment due to deposition of guano, or
by direct subsidies on consumers that feed on seabird tissues and fish scraps that
invariably are deposited during the course of a breeding season (Mulder, 2011). Islands
that are inhabited by cormorants are resource driven systems and cormorant derived
subsides could have positive effects in the abundance of most consumer groups, but
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the magnitude of response and even the direction varies widely by the consumer’s taxa,
community structure and climate (Kolb, 2011).
Objectives
1. Characterize temporal and spatial patterns of soil invertebrates, especially insects
and ticks, in areas used for nesting; and
2. Determine if insect faunal diversity and abundance is affected by nesting
activities.
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Chapter 2: Methods
2.1 Study Area
The Socotra cormorant is a seabird that is regionally endemic to the Arabian
Gulf and the Gulf of Oman (Jennings, 2010). One of the islands within the area called
Siniya island (25°36’20.63”N 55°36’28.85”E), off the coast of Umm Al Quwain,
UAE, hosts the largest breeding population of Socotra cormorants, at an estimated
26,000-41,000 breeding pairs (Muzaffar et al., 2012, 2017). The colony itself is
restricted to the northern-central part of the island and breeding normally takes place
from August to Mid-March. Cormorants lay 2-3 eggs on the graveled plains (King,
2004; Jennings, 2010; Muzaffar et al., 2012). The habitat consists of mixed desert
scrub (Haloxylon-Arthrocnemum macrostachyum) bordering on the periphery of the
island, or gravel, and plantations of non-native trees such as Acacia spp. and Prosopis
juliflora, mainly occurring in the southwestern part of the island (Muzaffar et al., 2012;
Ksiksi et al., 2015). Natural mangroves, Avecennia marina, occur in selected patches
within the island. Many seabirds prefer to nest under vegetation cover to avoid
predation or inclement weather and Socotra cormorants are no exception, preferring to
nest on bare ground in between areas with scrub vegetation (Pattern et al., 2005;
Muzaffar et al., 2012). The major predators of breeding Socotra cormorants present on
the island are native red foxes (Vulpes vulpes) and feral cats (Felis catus) (Ksiksi et
al., 2015). Additionally, exposure to high temperatures can influence avian incubation
period, which can in turn affect reproductive performance (Yasue and Dearden, 2006).
In fact, plantation of trees on Siniya island resulted in higher egg volumes and hatching
success under shaded areas, suggesting higher reproductive success in shaded areas
(Muzaffar et al., 2012). Further studies have shown, however, that in subsequent years,
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breeding occurred in unshaded areas where breeding success was comparable or higher
(Muzaffar et al., 2017). Thus, there could be other factors influencing breeding success
in this species.
2.2 Study Design
The estimation of species abundance is a fundamental necessity to studying or
monitoring a population (Melville et al., 2009). Treating the biological population as
a realization of spatial point process is one of the most useful ways to assess the size
of the population, particularly when it is negligible in comparison to the area of the
region (Melville et al., 2009). There is substantial literature and techniques to assess
species abundance, as highly mobile species can often pose problems when trying to
assess levels, particularly if the species is rare and difficult to detect (Melville et al.,
2009). Of the most efficient ecological tools is a transect line, a line which is marked
at regular intervals and easy to use in the field for data collection. It is used to help
identify the abundance of species and track changes over time within a given area. This
method of sampling involves only a small section of large natural area, but should
allow for an accurate representative sampling of the biodiversity within a community
without causing observational bias. However, careful selection of the area is critical as
many wildlife populations can occur in spatially clustered groups, or can occur in small
numbers of clusters, thus the sample size may be inadequate for reliable estimation
and thus precision may be poor (Pollard et al., 2002). Transect lines are also easily
deployed in open habitats, but can be problematic in dense vegetation (Henry et al.,
2015). Therefore, this method is well suited for this study.
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In this study, the sampling occurred from April to May and October to
December 2016. The sampling was arranged in a stratified, systematic design (Sokal
and Rohlf, 2012; Futuyma, 2012) with eight 100-meter transect lines arranged in areas
that were either used for nesting or not used for nesting by Socotra Cormorants in 2016
(Figure 2). Four of the transect lines were placed at the center of the nesting sites while
the other four where placed adjacent to the nesting sites, to serve as control sites. The
sites were marked in satellite photos from A-H, with a sampling point placed every 10
meters, totaling to 10 sample points per each transect line (Figures 2 and 3). Thus,
altogether there were 80 sampling points. At each sampling point a small rectangular
plastic container (15cm X 8cm X 7cm) was partially buried in the sand. Each of these
artificial substrate traps was outfitted with an opening on one side (measuring about 2
cm in diameter) and a layer of loose sand was placed in it. Each trap had an alphanumeral label, with trap 1 on transect A labelled as A-1 (Figure 2).
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Nesting
Before:
After:

A, D
E, G

Non-Nesting
Before:
After:

B, C
F, H

Figure 2: Areal views in nesting areas vs areas outside of nesting areas
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The traps were deployed in the environment for a one-month period to allow
arthropods to enter and colonize the container and samples were collected
approximately one month after deployment (Figure 3). The traps were removed from
the environment, placed in doubled freezer bags and taken to the Entomology and
Animal Ecology laboratory in the Biology Department, UAE University and frozen
for future analysis.

Figure 3: The island and the areas where the samples were taken
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2.3 Processing of Samples
Each artificial substrate trap was analyzed according to the following protocol.
All small organic and inorganic material was removed from the samples by agitating
through a 2 mm mesh sieve. The contents of the sieve were carefully examined under
a stereoscope and various species of arthropods were collected using forceps,
tentatively classified into major groups (such as coleopterans, ants, ticks and spiders)
and enumerated. Specimens were transferred into tubes with a 70% ethanol solution
and stored for identification. Using a key for species identification from available
resources and references, species indigenous to the UAE were identified and
categorized into their lower taxonomic ranks of order (Figures 4 and 5).

Figure 4: Organisms of the order Hymenoptera, which include wasps, ants and bees
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Figure 5: Organisms of the order Coleoptera, which include beetles
A database of species was created based on the abundance and species richness
per site. Of the species that were identified, the most common arthropods included
Hymenoptera, Coleoptera, Isopoda, Araneae and Ixodida. A separate database of these
common species was created to compare the dominance of arthropods in relation to
nesting sites.
2.4 Calculation of Indices and Statistical Analyses
Data analysis was preformed to assess the species diversity and abundance
using PAST 3.20 (PAleontological STatistics) software (Hammer, 2018). A set of
indices, commonly used in ecological studies was determined (Magurran, 2004). This
included dominance of species; Simpson’s index and Shannon’s index and these
indices were calculated under given parameters.
Dominance index of Berger-Parker
The dominance index of Berger and Parker (1970) was used to determine the
proportion of individuals that were most abundant within each site where there is an
unequal distribution of abundance between species and was calculated as follows:
1

1/d =

Nmax / N
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Where N is the total number of individuals and Nmax is the number of
dominant individuals at each locality. The increase in the value of the index indicates
an increase in diversity and a reduction in dominance. Important to note, this index
appears to be highly affected by environmental conditions (Noti et al., 2003). The
biological significance of this index has not yet been ascertained (Magurann, 1988).
However, a limited studies indicate that a few widely distributed species, which
dominate stressed soils, can result in high beta-diversity both locally and regionally,
whereby the identity of the species changed within areas characterized by different
faunal contexts (Migliorini et al., 2002; Migliorini et al., 2004). The simplicity and
biological significance of the index, which May (1975) helped develop, led him to
conclude that it is one of the most satisfactory diversity measures available.
Simpson’s diversity index
The assessment of species richness would not account for the number of
individuals of each species present, or relative abundance (Nautiyal et al., 2015). It
would give equal weight to each species present irrespective of whether there are very
few individuals or many individuals of each species (Nautiyal et al., 2015). Thus, one
arthropod would have as much influence on the richness of the area as 100 other
arthropods of a different species. However, Simpson’s index (D) is a measure of
diversity, and it takes into account both species richness, and the relative abundance
amongst each of the species present (Nautiyal et al., 2015). Essentially, it measures the
probability that two individuals randomly selected from an area will belong to the same
species (Simpson, 1949). To calculate Simpson’s index for a particular area, the area
must be sampled. The number of individuals of each species was noted as described
in Section 2.2. using artificial substrate traps. The original equation for calculating D
was derived by Edward H. Simpson in 1949 and is presented as follows:
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D=

 n (n − 1)
i

i

N(N − 1)

Where ni is the total number of organisms of each individual species and N is
the total number of organisms of all species. The value of D ranges from 0 to 1. With
this index, 0 represents infinite diversity and 1 as no diversity. In other words, the
bigger the value of D, the lower the diversity. This may not seem logical and some
texts opt for using derivations of the index i.e. the inverse (1/D) or the difference from
1 (1-D) (Nautiyal et al., 2015). With these derivations, the higher values of the index
number indicates that there is higher diversity of species. Low species diversity or
richness would suggest that there are only a few species that would be successful in a
particular habitat, and that both beta- and gamma-diversity would likely be negatively
affected if these few species did not thrive. On the other hand, high species diversity
would suggest that there is a greater number of successful species i.e. a good alphadiversity and thus a more stable ecosystem. It would also positively affect both betaand gamma-diversity, in other words it would not only positively affect other trophic
levels but also the overall diversity within a landscape comprising of several
ecosystems. Thus, species biodiversity may be used to indicate the general ‘biological
health’ of a particular habitat. However, certain habitats are stressful and the few
organisms that are adapted for life there are unique or rare. Careful consideration must
be taken into account when assessing the area as ‘biologically healthy’.
Shannon’s diversity index
The Shannon–Wiener index (H’) also accounts for species diversity, however
it is different in theoretical foundation and interpretation (Magurran, 2004). While
Simpson’s index (D) takes into account both species richness and evenness, Shannon’s
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index (H’) has its foundations in information theory and thus tries to predict the degree
of uncertainty about the identity of an unknown individual (Shannon, 1948). As the
diversity of species increases, the uncertainty in the prediction of its identity also
increases, provided that the distribution of individuals is more evenly spread among
the species already present. Alternatively, when the diversity of the species decreases,
and is dominated by a few species, then there is less uncertainty in the prediction of its
identity (Shannon, 1948). To calculate Shannon’s index for a particular area, the
number of individuals of each species per site was noted as described in Section 2.2.
using artificial substrate traps. Species diversity (H’) was computed following the
Shannon and Weiner (1963) information index as follows:

H=

Σ

n
ni
Logn i
N
N

Where ni is the total density value for species, i, and N is the sum of the density
values of all the species in that site. The value of H’ ranges from 0 to 4 and above.
With this index, 0 represents low community complexity and 4 and above represents
high community complexity (Shannon and Weiner, 1963). Here, evenness is not
calculated independently of these indices, but rather is derived from compound
diversity indices; H’ and D as both indices consider species richness and evenness.
However, unlike Simpson’s index, whereby evenness (E) is calculated from the
inverse of D (1/D) and thus independently of D itself, and makes for a more useful
measure in terms of evenness (DeBenedictis, 1973), evenness (J’) calculated directly
from Shannon’s index (H’) is a less useful measure of evenness since J’ directly
correlates mathematically with H’ (Smith and Wilson, 1996). Therefore, when
considering evenness of the species, Shannon’s index is of limited use. Because of
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these mathematically differences, H’ is sensitive to rare and abundant species, whereas
D is sensitive to abundant species and the dominance index of Berger–Parker is only
sensitive to abundant species (Morris et al., 2015). With regards to conservation, these
compound indices are typically preferred over simple estimations of species richness,
since diversity is taken into account (Magurran and Dornelas, 2010) and are therefore
used in this study. Differences between the indices, such as Shannon’s limited use
when interpreting evenness, shall be taken into consideration when analyzing the
results.
The Index or Dominance, Shannon’s Index and Simpson’s Index were
compared using One Way Analysis of Variance (ANOVA) to assess differences
between areas that were nested and not-nested, as well as to differentiate between
periods before and after nesting (in both nested and un-nested areas). The mean
numbers per sample of major taxonomic groups, identified to the lowest taxon
possible, were compared using One Way ANOVA. In all cases, the underlying
normality of the data was tested by plotting residuals versus fits. The value of alpha
was set to be 0.05.
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Chapter 3: Results
A total of 1560 specimens of terrestrial invertebrate taxa in nine orders and
representing at least 33 species were recorded (Table 1).
Table 1: List of the main specimens found in the samples
Order
Isopoda
Armadillidium vulgare
Armadillidium album
Arachnida
Acari
Ornithodoros muesebecki
Unidentified mites
Araneae
Zodariidae
Dusmadiores deserticola
Pholcidae
Unidentified spiders
Unidentified 1
Unidentified 2
Insecta
Orthoptera
Hemiptera
Zelus
Unidentified
Coleoptera
Tenebrionidae
Tenebrionidae Eleodes
Unidentified sp
Unidentified larvae
Scarites
Chrysolina grata
Stricticollis modestus
Symbiotes gibberosus
Gonocephalum missellum

Areas Before nesting
A B
C
D

Areas After Nesting
E
F
G H

1
0

14
2

1
0

101
5

0
0

11
0

0
0

1
0

61
0

13
10

7
2

13
29

41
2

279
16

1
0

0
1

1
0

2
0

4
0

11
2

0
0

0
0

0
0

4
0

8
4

16
3

3

55
10

4
1

3
0

0
1

14
1

0

0

0

1

0

0

0

0

0
0

1
1

0
0

1
0

0
0

0
0

0
0

1
0

18
6
13
0
0
0
6
0

0
0
16
2
0
0
2
0

2
149
2
0
2
0
0
0

2
0
155
0
0
2
16
11

0
2
1
0
0
0
1
1

2
6
2
0
0
0
0
0

0
0
0
0
0
0
1
0

2
0
0
0
0
1
1
0
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Table 1: List of the main specimens found in the samples (Continued)
Order
Histeridae
Heterocerus harteni
Silphidae
Nemognatha chrycomelina
Diptera
Anthomyia procellaris
Musca domestica
Chironomidae
Chloropidae
Unidentified
Unidentified 1
Unidentified 2
Hymenoptera
Cataglyphis
Cataglyphis arenarius
Cataglyphis viaticoides
Cataglyphis flavobrunneus
Cataglyphis adenensis
Chloropterus politus
Crematogaster leaviusculs
Bethylidae
Lasioglossum
Unidentified
Unidentified 1
Unidentified 2
Unidentified 3
Unidentified 4
Neuroptera
Unidentified larva
Unidentified

Areas Before nesting
A
B
C
D

Areas After Nesting
E
F
G
H

1
0
0
0

0
1
0
0

4
0
0
0

0
1
1
1

0
0
0
0

1
0
0
0

0
0
0
0

0
0
0
0

0
0
0
3

0
0
1
9

0
0
0
0

0
0
0
2

0
6
0
0

0
0
0
2

0
0
0
0

1
0
0
3

0
0

0
2

0
0

0
0

0
0

0
0

2
1

0
0

0
0
0
2
0
0
0
0

6
3
5
21
0
1
0
1

0
0
0
0
0
1
0
0

1
2
3
107
0
0
0
0

17
0
0
0
0
0
0
0

0
0
0
0
1
0
0
0

1
0
0
0
0
0
1
0

4
0
4
15
0
0
0
0

0
0
0
0

0
0
1
0

0
0
0
0

0
0
0
1

0
1
0
0

1
0
0
0

0
0
0
0

1
0
0
1

1
1

1
1

1
0

6
2

0
0

1
0

0
0

1
0
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Diversity:
Total number of specimens differed between nesting and non-nesting areas and
was generally decreased in nesting areas after nesting occurred and increased in nonnesting areas during the same period (Table 2).
Table 2: Number of specimens
Nesting
before
Number of
specimens

670

Non-nesting
before

318

Nesting after

178

Non- nesting
after

394

Orthoptera, Diptera and Hemiptera occurred only in areas before nesting. Both
Neuroptera and Hymenoptera showed much higher numbers before nesting. 94% of
the Coleoptera, 91% of the Isopoda, 80% of Neuroptera and 76% of Hymenoptera
were recorded before nesting had occurred. Moreover, Araneae and other arachnids
increased before nesting. Araneae was abundant primarily before nesting but
decreased after nesting had occurred. Two of species that had a higher number of
specimens collected after nesting, namely Ornithodoros muesebcki that were obtained
after nesting at a much higher percentage of 77% compared to before nesting started
in both nesting and non-nesting areas. Similarly, the group of “unknowns” which
includes mostly larvae of unidentified species also counted for 96% of the total number
of unknown species after nesting.
Mean diversity indices (Simpsons Diversity Index and Shannon's diversity
index) were not significantly different between nesting and non-nesting areas in
general. However, they decreased significantly in nesting areas after nesting had
occurred although the difference was not significant in non-nesting areas (Figures 6
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and 7). Also, the dominance of some species increased in general after the nesting had
occurred decreasing the diversity of species especially in nesting areas and areas
between to active nests.

Figure 6: Comparison of the Shannon- Wiener Index values for samples within
nesting areas. Error bars indicate the standard deviation (F=73.14, df=34.89,
p=<0.001).
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Figure 7: Comparison of the Shannon Weiner Index values for samples outside
nesting areas. Error bars indicate the standard deviation (F=1.155, df=37.99,
p=0.2893).
Isopoda:
Populations of Isopoda species were not significantly different in non-nesting
areas, conversely, they completely disappeared in samples taken from nesting areas
after nesting has occurred (Table 3, Figures 8 and 9).
Table 3: Number of Isopoda specimens found
Nesting
before
Number of
specimens

107

Non-nesting
before
20

Nesting after Non- nesting
after
0

17
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Figure 8: Comparison of number of individuals Isopoda for samples within nesting
areas. Error bars indicate the standard deviation.
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Figure 9: Comparison of number of individuals of Isopoda samples outside nesting
areas. Error bars indicate the standard deviation (F=0.2544, df=35.6, p=0.6171).
Ticks (Ornithodoros muesebecki):
A total of 415 individuals of ticks were collected during the study and although
their numbers had tripled in non-nesting areas after the nesting season (Table 4,
Figures 10 and 11). The comparison between samples did not change significantly
between nesting areas and in non – nesting areas as their concentration had shifted to
area F in the study which was located in between the colonized areas by cormorants.
Table 4: Number of Ornithodoros muesebecki specimens found
Nesting
before
Number of
specimens

74

Non-nesting
before

Nesting after

Non- nesting
after

20

42

279
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Figure 10: Comparison of number of individuals of Ornithodoros muesebecki per
samples within nesting areas. Error bars indicate the standard deviation (F=16.43,
df=19.13, p=0.0007).

Figure 11: Comparison of number of individuals of Ornithodoros muesebecki
samples outside nesting areas. Error bars indicate the standard deviation (F=9.571,
df=19.71, p=0.005798).
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Hymenopterans:
A total of 202 specimens that belong to the order of Hymenoptera were found
in this study and similarly were affected by nesting activity. Species belonging to the
order of Hymenoptera decreased significantly in nesting areas after nesting had
occurred where their accordance in non-nesting areas remained unchanged (Table 5,
Figures 12 and 13).
Table 5: Number of Hymenopterans specimens found
Nesting before Non-nesting
before
Number of
specimens

116

39

Nesting after

20

Non- nesting
after
27

Figure 12: Comparison of number of Hymenopterans per samples within nesting
areas. Error bars indicate the standard deviation (F=6.302, df=27.73, p=0.018).
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Figure 13: Comparison of number of Hymenopterans per samples outside nesting
areas. Error bars indicate the standard deviation (F=0.4825, df=37.69, p=0.492).
Coleoptera:
Twelve species of Coleoptera have been collected in this study with 438
specimens. The number of specimens decreased by 97% in nesting areas and 92% in
non-nesting areas after the season of nesting. Coleoptera decreased significantly both
in nesting areas and in non-nesting areas indicating that seasonality is also a variable
limiting their numbers during the study (Table 6, Figures 14 and 15).
Table 6: Number of Coleoptera specimens found
Nesting before Non-nesting
before
Number of
specimens

233

180

Nesting after

6

Non- nesting
after
19
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Figure 14: Comparison of number of Coleoptera for samples within nesting areas.
Error bars indicate the standard deviation (F=16.43, df=19.13, p=0.0007).

Figure 15: Comparison of number of Coleoptera samples outside nesting areas. Error
bars indicate the standard deviation (F=9.571, df=19.71, p=0.006).
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Chapter 4: Discussion
Cormorants spend most of their lives at sea, coming to offshore islands and
cliffs only for breeding (Nelson, 2005). During the breeding season, they primarily
forage close to the breeding colony and dispose great amounts of guano. The
ecosystem of an area that has large breeding seabirds can greatly be influenced by a
number of factors such as the number of birds breeding in a particular area, how close
the nests are from each other, and whether or not the colony will come back to the
same breeding area (Mulder, 2011). Large colonies could deposit significant quantities
of guano resulting in huge quantities of nitrogenous enrichment (Kolb, 2011).
Typically, nitrogen or other forms of nutrient enrichment have variable impacts on the
diversity and abundance of terrestrial biota (Kolb, 2010). Socotra cormorants add large
quantities of guano that becomes incorporated into the sediment, sometimes having
visible effects on the vegetation and the surrounding landscape (Ksiksi et al., 2015).
In this study, my overall results suggest that Socotra cormorants do influence
ground-dwelling invertebrate abundance and composition. A study on impacts of
double-crested cormorants (Phalacrocorax auritus) on islands in an urban estuary
showed that the arthropod community shifted from primarily plant feeders to primarily
carrion and dung feeders beneath cormorant nests in comparison to adjacent noncolonized habitats as high availability of nutrients may promote the growth of
dominant species capable of taking advantage of elevated soil fertility levels to the
detriment of species diversity. Moreover, it has been indicated in the same study that
on the island where cormorants have been established longer, the colony tended to be
denser and larger and was associated with larger ecological impacts on plants,
arthropods and soils. Long-legged wading bird colonies and more recently established
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cormorant colonies were smaller, less dense, and were generally associated with fewer
ecological impacts.
Armadillidium vulgare was the main Isopoda species found in this study. They
decreased significantly inside nesting areas but not in non-nesting areas. The decrease
in their abundance within nesting areas was likely driven by factors such as disturbance
or guano deposition, consistent with some of the other taxa mentioned. However, a
study on the effects of seabirds on invertebrate community composition on subAntarctic King George Island showed that the abundance of isopod species has
increased as the plant matter were decaying because of the excessive nutrients ingested
in the area from seabird’s guano (Zwolicki, et al., 2015). Decomposition in arid
environments takes longer, and therefore finding of my study could benefit from
further studies to determine the long-term effects of Socotra cormorants on
invertebrates areas as the season progresses.
Ornithodoros muesebecki is the only known species of ticks found on the island
(Al-Deeb et al., 2016). Large concentrations of ticks and other parasites are frequently
observed at cormorant colonies; these birds avoid excessive parasite loads during
breeding by a variety of means such as birds switching colony sites (May, 1975).
Although the samples collected from Siniya Island show that the abundance of ticks
in the study area has no significant change before and after nesting, the concentration
of the population has higher abundance in areas that are adjacent to the nest that might
be roosting or loafing areas for the Socotra Cormorants. Seabirds are primarily colonial
and frequently reuse the same colony and nest sites for generations (Nelson, 2005) and
may be consistently vulnerable to parasites (Hamback, 2015). Moreover, unlike hard
ticks, O. muesebecki are soft ticks (lack a hard dorsal scutum and are rubbery rather
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than hard) that have a different biology. They spend little time on their hosts and
complete their meals in a matter of minutes or hours (Hamback, 2015). Thus, they are
not necessarily found on the cormorants and in nests. They do, however, find areas
near colonies that are consistently close to nesting areas. Thus, my observation of
increase in ticks in non-nesting areas suggests that ticks increase in numbers during
the breeding season of cormorants and find hiding places near the nesting areas,
presumably around vegetation (Al-Deeb et al., 2016).
Several studies have demonstrated that seabird colonies have profound effects
on soil, water, primary producers, and consumers on and around their nesting islands
(Wootton, 1991; Polis and Hurd, 1995; Anderson and Polis, 1999). However, their
effect on Hymenoptera is not as clear. One study on the effects of cormorants shows
that the only significant change in Hymenoptera on the nesting island were in the
density of parasitic Hymenoptera where other species show no differences in density
(Kolb et al., 2010). Similarly, the density of the Hymenopterans in Siniya island
showed significant declines in nesting areas but no significant change before and after
nesting in non-nesting areas. Thus, Hymenoptera were affected negatively by nesting
and associated guano deposition.
In a study of the Gulf of California, Mexico, where an unproductive desert is
side by side that highly productive ocean seabird colonies bring huge amount of
nutrients to the land. Beetles are most abundant in areas influenced by seabirds: they
are approximately five times more dense on nesting and roosting islands than on other
islands and on mainland sites, and approximately six times more dense inside vs.
outside colonies (Polis, 1999). However, in this study Coleoptera species showed
significant change in numbers before and after breeding in both nesting and non-
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nesting areas. A study on ecological distribution and seasonality of darkling beetles
(Coleoptera: Tenebrionidae) in the Western Region of Abu Dhabi, UAE, showed that
the number of darkling beetles decreased significantly during summer (Saji and AlDhaheri, 2011) as these beetles’ dependence on vegetated microhabitats will increase
with increasing seasonal temperatures, possibly because vegetation provides refuge
from extreme temperatures. The UAE, consists of arid and semi-arid areas and
vegetation is confined to few areas during summer. Soil moisture appears to also be a
factor limiting their presence (Aldhafer et al., 2012). Therefore, my observation of
lower beetle numbers before and after nesting in both types of plots may indicate a
seasonal change in beetle abundance. However, the numbers of beetles in nesting areas
underwent very large changes, with beetle numbers reduced to few individuals in these
areas, suggesting that the impact on these populations were driven by nesting and
associated guano deposition.
The diversity of non-nesting areas varies where a higher diversity was recorded
in area B where nesting hasn’t occurred since 2012 compared with area H where
nesting never occurred before. The diversity also seemed lower in areas that included
colonies in more recent years (area F colonized in 2013) and it is at its lowest in the
area that was colonized recently with multiple colonization (area C 2013, 2015
colonization). Historic nesting activities could be variable limiting or increasing the
diversity of these areas however this is not conclusive. Further monitoring and
improved data collection might contribute to enhance our understanding of impacts of
seabirds on diversity of invertebrates.
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4.1 Summary and Conclusions
This study illustrates that Socotra cormorant breeding activities influences the
terrestrial invertebrate fauna in variable ways. Richness and species diversity is
affected negatively in areas that were nested, indicating that some species or
taxonomic groups were negatively affected. Coleoptera, Hymenoptera and Isopoda
decreased in abundance after nesting in areas used for nesting, indicating that selected
species within these taxa could not tolerate high levels of nutrient input from guano.
Ticks were positively affected in that their numbers increased overall, particularly in
areas that were not-used for nesting, indicating that they could be used during
dormancy in summer. Collectively, Socotra cormorant nesting in dense aggregations
is part of the periodic cycle of invertebrate abundance. Further work is needed to better
understand these interactions and determine how long-term changes could occur in
such arid ecosystems.
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